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© A method of interconnecting a first element 1 
and a second element 4 by means of laser welding, 
the first element 1 consisting at least partly of glass 
or ceramics and the second element 4 consisting at 
least, partly of metal, the bond between both ele- 
ments being formed by the glass or ceramic part of 
the first element 1 and the metal part of the second 
element 4, characterized in that a metal auxiliary 
element 3 is bonded to the glass or ceramic part of 
the first element 1 by means of a solid-state bond 2, 
after which, substantially without heating, the metal 
part of the second element 4 is welded to the metal 
auxiliary element 3 by means of a laser beam 5. 
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"Interconnecting a glass or ceramic element and a metal element" 



The invention relates to a method of intercon- 
necting a first and a second element by means of 
laser welding, the first element consisting at least 
partly of glass or ceramics, and the second ele- 
ment consisting at least partly of metal, the bond 5 
between both elements being formed by the glass 
or ceramic part of the first element and the metal 
part of the second element Such a method may 
be used, for example, in the manufacture of optical 
equipment, vacuum tubes and picture tubes. io 

A method of the type described in the opening .. 
paragraph is known from GB 1228451. In said 
specification a description is given of a method in 
which a glass element or glass elements is or are . ,. 
laser welded to a metal element, whilst heating 75 
both elements to a temperature just below the 
softening temperature of the glass. By . means of a 
laser beam which is focussed on the metal element 
at the location of the bond to be made the metal 
element and, via this element, the glass element 20 
are raised in temperature at the location of the 
laser spot. This causes the glass to soften after v 
which the bond is formed. By way of .example, GB 
1228451 describes the securing of an electrode . : 
grid in a picture tube. A disadvantage of this meth- 25 
od is that . both elements have. to be heated to a » , . 
high temperature and that the method has to be . 
carried out in a furnace. The elements or one 
element, or a part or parts of one or both elements, 
for example optical or electronic components, may 30 
become damaged by these high temperatures. 
During cooling of the bond formed differences in 
the coefficients of thermal expansion may lead to 
thermal stresses which may have detrimental ef- 
fects. The relative positions of accurately bonded 3s 
elements may change in the cooling process due 
to these differences in the coefficients of thermal 
expansion. After the elements have cooled, these 
positions may change with time owing to stresses 
present in both elements, which stresses are caus- 40 
ed by differences in the coefficients of thermal 
expansion. Since the glass softens at the location 
of the bond during the laser, welding process, it is 
difficult to form a bond having a high dimensional 
accuracy. M - . : -45, 

It is an object of the invention to bond a glass 
or ceramic, part to a metal part by means- of laser 
welding substantially without heating the parts and 
without softening the glass at the location of the 
bond during the laser welding process. ; , so 

This object is achieved by a method, according , • 
to the invention, which is characterized .in that a 
metal auxiliary, element is bonded to thecjglass or :; 
ceramic part of the first element by means of a ^ 



solid-state bond, -after which, substantially without 
heating, the metal part of the second element is 
welded to the metal auxiliary element of the first 
element by means of a laser beam. 

An important aspect of the invention is that the 
method enables dimensionally accurate glass-metal 
bonds to be made in a readily conceivable and 
quick way. Since during the formation of the bond 
no forces are exerted on the bond, and no parts or 
elements have to be heated there are no thermal or 
. mechanical stresses which directly or with time 
could lead to a. change in the relative position of 
■ -the elements and, consequently, to a reduction of 
the dimensional accuracy. 

In order to interconnect both elements with 
: ..great dimensional accuracy, the metal auxiliary ele- 
. ment must be bonded to the glass or ceramic part 
.of the- first element.. with great dimensional accu- 

- racy, and the dimensional accuracy and strength of 
.the bond between the metal auxiliary , element and 
the glass or^ceramic.-part of -said first element must 

vr« not.be adversely^ affected^ by rthe' laser weld be- 
, !tween *the.metaf :atixiliary element and said second 
^element The dimensional- accuracy of -the bond 
-beteen the metal auxiliary element and the glass or 
>. ceramic part of thei .first element is determined by 
uthe^, initial -dimensional accuracy, Le. the accuracy 

- with which the parts are. interconnected, and above 
all by the temporal dimensional accuracy, i.e. the 
accuracy with .which the parts remain intercon- 
nected after the bond has been formed. Particularly 
the temporal dimensional accuracy is influenced by 
the way in which the bond has been formed. 

, Glass-metal bonds are used on a large scale in 
products for the electronics industry and in vacuum 
equipment These bonds are generally formed at a 
high temperature at which the softened glass is 
brought into contact with the metal. These tech- 
niques are referred to here as high * temperature 
sealing techniques. However, due to the deforma- 
tion of the glass and the high bonding temperature 

( it is generally impossible to make dimensionally 
accurate bonds between, the metal auxiliary ele- 
ment and the glass or ceramic part of the first 
element by- means; of high temperature sealing 

/techniques. Dimensionally accurate bonds can be 
obtained when techniques are uted in which the 
glass part and the metal auxiliary element and any 
intermediate layers, the function of which will be 
explained hereinafter, are in the solid state during 
the formation, of the bond, at a temperature which 
is considerably, below the melting temperature or 
the softening temperature of the glass, the metal or 
the intermediate layer, so-called solid-state bonds, 
which bonding techniques are also more readily 
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conceivable, than .-high.. temperature sealing .tecte 
niques. Experiments have shown that the dimen- 
sional accuracy and the strength of the bond be- 

- tween the glass part *and^ the metal auxiliary ele- 
■ ment is not adversely affected by the laser weld. 

An embodimenf'oMhe method according to the 
invention is characterized: in that -the J laser beam 
/traverses the glass, or .ceramic part to form the 

- iweld. Thus, 'it .becomes possible to laser weld the 
metal; part of the second element to the metal 
auxiliary element of thetfirst element without heat- 
ing either of them and without softening the glass 

o or the ceramics, even when the metal part is so 
< thick . that it cannot- be penetrated by ' the laser 

. beam or when : the metal part consists' of a meta! 
with a high reflection or. when the laser beam 
cannot be . focussed on the metal part because 

; .objects are present around the- bonding area. • 

A further embodiment of the method according 
■to the invention is characterized^ in that the metal 
auxiliary element is bonded . to the glassier ceramic 
part by means of thBrm6compression:- r This is a 

. clean, fast? and. efficient method of -bonding a metal 

- auxi liary element -to;:a :g lass^-part. c * 

*v A further. embodrmentcGf^thfei-Yndthod' 'according 
Mtp. the invention is characrferi^ed r iri i*th£ft^ r the metal 

•.auxiliary element is; bonded Mo the^gfes'ss or ce- 
ramic -part : at: : a raised ^temperature by: means of an 
electric field. This, methdd of bonding a metal auxil- 
iary element to a: glass^or^ ceeamic paft^is carried 

, out. at a pressure or -temperature which is lower 
than, in the case of thermocompression. This meth- 
od can suitably be used when the temperature or 
the pressure is to be lower than the pressure or 
temperature necessary for thermocompression, for 

t example to avoid damage to an element or a part 
This method also allows metal-auxiliary elements, 
which cannot be bonded to a glass part by means 

- of thermocompression because the temperature re- 
quired :is higher than the L softening temperature of 
the glass, to be bonded to the glass at tempera- 
tures below the softening temperature: 

A still further embodiment of the method ac- 
cording jto the invention is characterized in that the 
metal auxiliary element is bonded to the glass or 
ceramic part by ultrasonic welding using an alumin- 
ium intermediate layers which ^ is present * between 
the glass- ;.part and; thenmetal ^auxiliary -element. 
Ultrasonic welding is-carried .but: -at room - tempera- 
ture and, hence?., .<is suitable for applications in 
which ,pa#s. of the;:first element may be damaged 
by, raised temperatures.;: .— - : ' ,v-> 

The. invention wiikriow- be described in more 
: detail by means of a few exemplary embodiments 
* and with reference to a drawing, in which - 

Figure 1a shows the* method according to 
the .invention by means. of. a sectional view of a 
bond; w ■ t „ r * 
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. • * -.Figure lb. shows the method according to 
the invention by means of a sectional view of a 
bond, and 

Figure 2a is' a sectional view and a top view 
of a bond between a m6tal auxiliary" element and a 
; ^ceramic or glass part, which is obtained by ther- 
mocompression; 

1 ■ Figure 2b is a ;: sectional view and a top view 
of- a bond between a metal part and this auxiliary 
element; : - 

Figure 3 is a sectional view of a" picture tube 
to which a deflection unit is secured; ' 

Figure 4 is a perspective view of a picture 
-tube to which a deflection unit is secured; 

Figure 5 is top view of a - picture tube to 

' "which a deflection unit is secured; 

' - ' ■ Figure 6 shows in detail the bond between 
the deflection unit and the picture tube; ■ • 

- ' Figure 7a is a sectional' view of an ultrasonic 
welding arrangement ' 

Figure 7b shows a detail of Figure 7a; 

- 'Figure 8a is a sectional view of a lens pro- 

vided with Ni elements which are ' bonded to the 
leris : by means of ultrasonic welding; 

• r? ■ Figure 8b shows In a side view how this lens 

1 is secured to'' the st>Iid : state laser; 

r * In 1 the Figures; corresponding * elements have 

^ ;; 'b^n 0 giveh'the"sarrie reference numerals. 

" Figures 1 i a and 1b show the method according 
to the invention: A met&T auxiliary element 3 is 
bonded to a glass or ceramic part 1 by means of a 
solid-state bond 2. A metal part 4 "is provided on 

1 this auxiliary element When the desired relative 
position is obtained a laser beam 5 forms a weld 6, 
thus, instantaneously bonding trie metal part 4 to 
the glass or ceramic part 1 , without heating except 
at the location and in the immediate vicinity of the 
laser weld any- of these parts or exerting forces on 
them. For this reason, the dimensional accuracy of 
the bond is not adversely affected by thermal or 
mechanical stresses. Consequently, this bonding 
method can suitably be used for applications re- 
quiring a high dimerisionai] ' accuracy. Figure 1 b 

5 differs from Figure 1a in that in the former the laser 
beam 5 traverses the glass or ceramic part to form 
-a laser weld '6. Of course, the glass or ceramic part 
1 must' 'be transparent to the laser beam. Such an 
arrangement may be necessary, for example, if the 

s metal part-4 is ; so thick that it cannot be penetrated 

rr by the laser 'beam 5 or when the* metal part 4 

' consists 'of a high-reflection metal, or when the laser 
beam 5 cannot* r be focussed on the- location in- 
dicated in Figure * 1 a because there are objects 
- present around the bonding area. When the meth- 
od- i£ employed in such a "manner, too high tem- 

^pefatures in the glass or ceramic part 1", which may 

BrisaH to softening of J the glass or the ceramics, 
and/or to thermal stresses in the glass or the 
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ceramics, and consequently to a possible reduction 
of the dimensional accuracy are to be. avoided. 
-When the method is employed- in such a manner, 
the metal auxiliary element 3 may be provided with 
a part which is spatially separated from the part 1 
shown in, for example, Figure 1b in order to avoid 
too high temperatures. The relative position and 
orientation of the' glass part 1 , the metal auxiliary 
element 3, the metal part 4 and the laser beam 5 
• are, of course, in no way limited to the examples 
given in the Figures la and 1b. ft is possible, for 
example, that the lower and the upper surface of 
the' metal auxiliary element 3 do not run parallel to 
each other or that the laser beam 5 is not oriented 
perpendicularly to the surfaces of the metal auxil- 
iary element 3 or the metal" part 4. 

Figure 2a is a sectional view and a top view of 
a metal auxiliary element 7 which is 1 bonded to a 
glass or ceramic part 9 by means of therm ocom- 
pression using an intermediate layer 8. In the 
present example 'the intermediate layer is ring- 
shaped. This ring has a height h and a width b. In 
order to obtain a bond the ring has to be deformed. 
Thermocompression is a method in which the met- 
al of the intermediate element iB is deformed in 
contact with the glass or the ceramics at a raised 
temperature which is, however, substantially below 
the softening temperature of the glass or the ce- 
ramics. In the present example the bonding tem- 
perature T b is related to the melting temperature 
T m of the metal of the intermediate element such 
that T b is approximately equal to 0.9 T m . The 
commonly used industrial glass types have their 
softening point at aipproxirhately 400 to 600° C 
(quartz and quartz-like glasses have higher soften- 
ing points), consequently the relatively low-melting 
metals aluminium, lead and indium and alloys 
thereof, are generally used to form bonds between 
metals and said types of glass. When aluminium is 
used the bonding temperature is approximately 
550:°C. For bonds to ceramic materials also other 
metals such as, for example, Pt Fe, Ni and Cu can 
be used. This method is described, amongst oth- 
ers, in American Ceramics Society Bulletin, Volume 
51, No. 9, page 683 (1972). 

Figure 2b shows a metal part 10 which is 
bonded to the metal auxiliary element 14 at the 
locations 12 and 13 by means of a laser beam 11. 
This drawing shows a test bond which' is used to 
investigate the influence of laser welding on the 
strength of the thermocompressed bond. Experi- 
ments have shown that the strength and the dimen- 
sional accuracy of the thermocompressed bond are 
not adversely affected by the laser weld. 

Figures 3, 4, 5 and 6 show an embodiment of 
the method according to the invention. More in 
particular, they show how a deflection unit is se- 
cured to a picture tube. 



Figure 3 is a sectional yiew'pf a picture tube to 
which a deflection unit is secured. Figure 4 is a 
perspective vieW of 'a' "picture" tube to which a 
deflection unit is secured. Figure 5 is a top view of 
5 a picture tuber to which a deflection unit is secured. 
Figure 6 is a detailed view of the bond between the 
deflection unit and the picture tube. 

By means of thermocompression small metaJ 
plates 17 are bonded tb the cone 15 of the picture 
70 tube 16, during cooling immediately after the 
pressing of the cone. Experiments have shown that 
these bonds are ' not adversely affected by heat 
treatments in subsequent assembly processes. In 
the neck 18 of the picture tube there is provided an 
75 electron gun 19 of the in-line type, which generates 
electron beams 20, 21 and 22. The electron beams 
20, 21 and 22 are deflected across a screen 23 
and a shadow mask 24 by a deflection unit 25. The 
'construction of the deftectiori unit depends upon 
20 the shape and the function of the picture tube. The 
*; deflection unit 25 Is provided with, metal brackets 
26.' This deflection unit 25 is positioned relative to 
the electron, gun 9 such that , a test pattern is 
.'. \ su ^^ n ?3 H Y ^?Ptima^ screen 23. 

25 J .^^ e n^A®'9P^ & pfetat/ned the defiec- 

.".*.'* ic i n to the 

; '^; : pi&^ 26 are 

la$Sr wbided to th'e ;me%'auxniary elements 17. 
; / \T^f. ' , l [J?. i ? t f ' auxiiiaiy !eiemente consist of a non- 
•*30 1? magnetic" material' hiving a coefficient of thermal 
expansion which equals to the extent possible that 
of the glass of the cone. The positions of the metal 
auxiliary elements and the shape of the brackets 
are selected so that the influence of fluctuations in 
35 temperature on the relative positions of the deflec- 
tion unit and the picture screen is almost minimal. 
The joint between the bracket 26 and the metal 
- auxiliary element 17, which is bonded to the cone 
15, is shown in detail in Figure 6. The metal 
40 auxiliary element 17 is accurately bonded to the 
cone 15 by thermocompression. Thus, a well-de- 
fined contact between the metal auxiliary element 
and trie bracket 26 is obtained, thereby, enabling 
the bracket 26 to be secured to the picture tube 16 
45 with a very high dimensional accuracy after obtain- 
ing a substantially optimum display of a test pat- 
tern on the screen '23. This is a readily . conceiv- 
, able, quick and clean way of securing the deflec- 
. tion coil to the picture tube with a very high dimen- 
so sional accuracy. Since np; forces are exerted on the 
bond between the deflection coil and the picture 
tube and none of the elements has to be heated, 
. "no thermal or mechanical stresses develop which 
could lead to a change in the relative position of 
55 both elements and, consequently, to : a loss of ac- 
curacy and to- a reduction of the quality of the 
. picture after interconnecting both elements. 
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It is_ also possible to bond the metal auxiliary 
element" to the glass or ceramic part by means of 
an electric "field at a raised temperature. This meth- 
od is described! amongst others, , in the Journal of 
Applied Physics, Volume 4fJ ( . No.. 10,,. page 3946 
(1969). This method., of bonding a metal auxiliary 
element to a glass or ce/amjc part is carried out at 
a temperature or pressure which is lower than in 
the case of thermocompressioa. Consequently, this 
method can suitably be used When the temperature 
'or the pressure 'are to be kept below, trie pressure 
or temperature necessary for therm ocom press ion; 
' However, it' must be possible to raise them. By 
means of this method, metal auxiliary elements 
which cannot be bonded^ to a glass, part by ther- 
mocompression , because, the required temperature 
is higher ^than the softening temperature of the 
glass, can be bonded to the glass at temperatures 
below the softening temperature of the., glass. This 
method, permits, for' example", to bond certain types 
of steel; 'amongst' pthers t ^yacQn-12.to glass, and to 
bond A]' to glass at temperatures as low as 200- 

' -i 25o°c. . ' \ r ( ) ' ;,i v';" : ; 'V. _ _'„. 

^Thermpcompressipn bonding metal aux- 
/ ; iliary e^ means 
of an electric Tte\6'''are. % cm\^6ik\at'raihed tem- 
peratures. These methods of .bonding.a metal auxil- 
'.' " }ELjy element to'/the glass or ceramic "partj are un- 
suitable, if ' the* temperature^ or only 

to a very limited extent. If, for example, a metal 
auxiliary element is^to be' bonded.. to, as lens pro- 
' vided with an optical coating, the. bonding tempera- 
ture is limited to approximately 80°C because 
higher temperatures cause damage to the coating. 
In such a case, ultrasonic welding, which is carried 
*" out at 'room temperature, is a suitable method of 
bonding, a metal auxiliary element, to, the lens. It is 
known to bond an aluminium element, to glass by 
means "of ultrasonic welding. However, aluminium 
is less suitable for laser welding because it has a 
high coefficient of reflection. 
' It has been found that several metal auxiliary 

' elements which can suitably be laser welded, and 
which 'duetto the required pressure cannot be bon- 
ded directly to glass by means of ultrasonic weld- 
* * ing, can be bonded to glass via an, aluminium 
*'" : 1 InterTnediate JayefJfay means of* ultrasonic welding. 
* 1 ' 1 This intermediate '„ layer rnay^ consist of,,, for exam- 
~ u '~ ' pie, a foil. This intermediate layer .may also consist 
*' of- a layer which is provided on the metal, auxiliary 
element, for example by vacuum evaporation. 

Figure' 7a is a sectional view of an .ultrasonic 
welding* arrangem r ent. T^ of the 

ultrasonic Welding device 26 consisting, of an ultra- 
sonic generator 27, a transducer 28", a waveguide 
29,' an amplitude" 'amplifier *30, and the welding tip 

31, exerts 'a force F ori a m etaJ " auxiliary element 

32, in the* present example 'Ni, and on an alumin- 



. _ium foil 33 v This auxiliary element .32. f and the foil 
33 are provided on .a glass part 34 which is held in 
a clam p. 35. When the ultrasonic device 26 is put 
.; into operation an ultrasonic vibration having an 
5 . t amplitude u- is traRsferred to the welding tip 31 and 
via this tip to the auxiliary element 32 and the foil 
33, thereby forming an .ultrasonic weld between the 
auxiliary element 32 and the glass part 34. The 
. ., strength of the bonds thus- obtained can be com- 
to, pared with that of the bonds" obtained by ther- 
mocompression. 

Figure. 7b is a detailed view of the-welding tip 
-31, the metal auxiliary element 32, the aluminium 
- . foil 33 and the glass part 34. 
, is , c . Figure 8a is, a top. view of a lens 36 which in 
three places 37, 38 and .39 on ■ the periphery is 
provided with-Ni elements -40, 41 and 42, which by 
. means of ultrasonic welding, using Al foil as a 
..welding^ material, is bonded to the lens. In this 
20 example experiments have shown -..that in order to 
obtain a proper bond the thickness .of the AI foil is 
, - to be selected between 10 and 125um. The reason 
for this -probably being that the force F to be 
, : .> - exerted, is too large for a thickness smaller than 
, 25 .. .,10um, whereas, in the case of a : thickness larger 
u . .than 1.25am the ultrasonic vibration is attenuated 
, . M top :much s A substantially .optimum strength of the 
.W bond is obtained at- a thickness of 25um.- 
^,,, z . ... ..Figure 8]b. is a side view of a solid-state laser 

r 30. . 43 having electric terminals 44, 45 and . 46. The 
u * laser is provided- with three tags .47, 48 and 49 
which are interconnected by a sleeve 50. The lens 
36 is positioned relative to the solid-state . laser 43, 
such that the laser operates as optimally- as possi- 
.. .35 ble, after which the tags 47, 48 and 49 are laser 
welded to the Ni elements 40, 41 . and 42. In this 
way the lens is bonded to the solid-state laser with 
a very high dimensional accuracy. It will be clear 
that this is possible because the Ni auxiliary ele* 
40 ments 40, 41 and 42 are accurately bonded to the 
tv lens 36. In this example and also for any other use 
of the method for optical equipment, it is not only 
inrjportant that, as described hereinbefore, thermal 
. , t or mechanical stresses are absent but also that 
45 laser welding is a clean welding method. Optical 
auxiliary elements are often sensitive to impurities 
in the . t ajr fi for example vapours from .agressive 
,, T , substances which are produced in other welding 
. methods. .- t: ,-. ; .< ... - - 

^so tr . .... Iti will be-ciear that the use of the inventive 

... .^method of bonding a -metal part to ; a glass or 

- : , ceramic part js in no . way lirnited to the descrip- 
t£ tions given" herein. - . - 

.55;,,,..,,.. ,'_ ; < „- ; 
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Claims 

1. A method of interconnecting a first and a 
second element by means of laser welding, the 
first element consisting at least partly of glass or s 
ceramics and the second element consisting at 
least partly of metal, the bond between both ele- 
ments being formed by the glass or ceramic part of 

the first element and the metal part of the second 
element, characterized in that a metal auxiliary io 
element is bonded to the glass or ceramic part of 
the first element by means of a solid-state bond, 
after which, substantially without heating, the metal 
part of the second element is welded to the metal 
auxiliary element by means of a laser beam. " * 75 

2. A method as claimed in Claim 1, character- 
ized in that the laser beam traverses the glass or 
ceramic part to form the weld. 

3. A method as claimed in Claim 1 or 2, 
characterized in that the metal auxiliary element is./..' 20 
bonded to the glass or ceramic part by means of 
thermocompression: * J 

4. A method as claimed* in Claim 1.or-2, - 
characterized in that the metal auxiliary element is 
bonded to the glass or ceramic part by means of is 
an electric field at a raised temperature. 

5. A method as claimed in Claim 1 or 2, 
characterized in that the metal auxiliary element is 
bonded to the glass or ceramic part by ultrasonic 
welding, use being made of an aluminium foil 30 
which is provided between the element and the 

part to be* bonded. 
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